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Abstract 29 
Reciprocating smiles is important for maintaining social bonds as it both signals 30 
affiliative intent and elicits affiliative responses. Feelings of social exclusion may 31 
increase mimicry as a means to regulate affiliative bonds with others. In this 32 
study we examined whether feelings of exclusion lead people to selectively 33 
reciprocate the facial expressions of more affiliative-looking people. Participants 34 
first wrote about either a time they were excluded or a neutral event. They then 35 
classified 20 smiles–half spontaneous smiles and half posed. Facial 36 
electromyography recorded smile muscle activity. Excluded participants 37 
distinguished the two smile types better than controls. Excluded participants also 38 
showed greater zygomaticus major (mouth smiling) activity toward enjoyment 39 
smiles compared to posed smiled; control participants did not. Orbicularis oculi 40 
(eye crinkle) activity matched that of the smile type viewed, but did not vary by 41 
exclusion condition. Affiliative social regulation is discussed as a possible 42 
explanation for these effects. 43 
 44 
Keywords: social exclusion, emotion recognition, facial expression, smile, 45 
mimicry, facial EMG 46 
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Social Exclusion Enhances Affiliative Signaling 48 
Threats of social exclusion–real or imagined–cause a constellation of affective 49 
(e.g., Twenge et al., 2001), cognitive (e.g., Baumeister et al., 2002), social (e.g., 50 
Warburton et al., 2006), and physical (e.g., Eisenberger, 2012) consequences that serve 51 
to orient an a person toward social connection cues in the wider environment. There are 52 
many theories describing how social exclusion promotes behaviours for attaining social 53 
acceptance: Leary (2005) posits that low relational value motivates seeking-out social 54 
acceptance; Spoor and Williams (2007) propose the pain of ostracism adaptively aids in 55 
detecting and fixing threats to belonging; DeWall et al. (2009; Saito et al., 2020) 56 
suggest that social exclusion precipitates early-stage perception for social acceptance 57 
cues. Across these theories one outcome is consistently clear: Exclusion motivates the 58 
restoration of social connections (Maner, et al., 2007).  59 
Consistent with Gibson’s (1979) notion that perceiving is for doing, the qualities 60 
that an excluded person perceives in a potential affiliation partner should serve to guide 61 
behaviors that will best satiate belongingness needs. An increased sensitivity to the 62 
prosocial intent of potential affiliates may increase the chance of fulfilling a need for 63 
belonging with affiliative others–and reduce the chance of exploitation or wasting social 64 
efforts on those who are unreceptive. The spontaneously elicited enjoyment smile is 65 
arguably one of humans' best signals of affiliative, cooperative intent (Owren & 66 
Bachorowski, 2001; Johnston et al., 2010). It’s unsurprising, then, that feelings of social 67 
exclusion are associated with an enhanced ability to detect enjoyment smiles (Bernstein 68 
et al., 2008; Bernstein et al., 2010). However, it is yet unknown whether an excluded 69 
perceiver selectively reciprocates enjoyment smiles in others.  70 
This study extends our understanding of exclusion-enhanced smile 71 
discrimination first demonstrated by Bernstein et al. (2008): First, we replicated the 72 
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discrimination effect using a novel set of smile stimuli and a higher-power design. 73 
Second, we refined our understanding of the effect by examining whether social 74 
exclusion enhances selective mimicry of enjoyment smiles compared to posed smiles. 75 
Exclusion-enhanced smile discrimination 76 
Smiles are concomitant with feelings of reward and social motivations like 77 
affiliation (Rychlowska et al., 2017). Physiologically, smiles are probably best 78 
characterized by the contraction of the zygomaticus major muscle (lifting the corners of 79 
the mouth). However, other morphological features moderate the social effects of 80 
smiles. For instance, Duchenne smiles are typified by the simultaneous contraction of 81 
the zygomaticus major and orbicularis oculi muscle (narrowing the eye opening and 82 
crinkling the skin on the outside of each eye) and are perceived as more authentic (e.g., 83 
Miles and Johnston, 2007) and more indicative of cooperative intent (Mehu et al., 2007) 84 
than non-Duchenne smiles.  85 
The appeal of Duchenne smiles is largely attributed to the idea that they are a 86 
reliable marker of spontaneous, authentic enjoyment (Frank and Ekman, 1993; cf. 87 
Thibault et al., 2012); as a result Duchenne smiles are considered more honest 88 
indicators of prosocial intent. Despite evidence that Duchenne smiles can be feigned 89 
volitionally (Krumhuber and Manstead, 2009), it is clear that Duchenne smiles are 90 
mimicked more than non-Duchenne (Krumhuber et al., 2013) and spontaneously 91 
produced Duchenne smiles are perceived as indicative of more genuine enjoyment and 92 
amusement compared with volitionally produced posed smiles (Johnston et al., 2010).  93 
Consistent with findings that social exclusion guides attention for affiliative 94 
faces (DeWall et al., 2009; Saito et al., 2020), the perception of prosocial intent may be 95 
the reason that socially excluded individuals are better able to discriminate smiling 96 
expressions. A spontaneous smile conveys a social affordance that is especially valuable 97 
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for a person who is looking to make social connections. For example, Bernstein et al. 98 
(2008) showed participants pictures of people expressing either Duchenne or non-99 
Duchenne smiles following an exclusion manipulation. Participants instructed to relive 100 
exclusion events were better able to discriminate between the Duchenne and non-101 
Duchenne smiles compared to non-excluded participants. Bernstein et al. (2010) later 102 
showed that rejected participants also had a greater preference to work with others 103 
displaying Duchenne compared to non-Duchenne smiles. Although research has shown 104 
that feelings of exclusion enhance smile discrimination, none has examined whether 105 
feelings of exclusion also affect smile reciprocation. 106 
Facial mimicry 107 
When people perceive a smile, they often automatically and involuntarily 108 
reciprocate or mimic the smile, using their own facial muscles to match the perceived 109 
expression (Dimberg, 1982). As with other forms of behavioral mimicry, automatic 110 
facial mimicry conveys attention and liking, and enhances rapport (Lakin et al., 2003; 111 
Golland et al., 2019). The automatic mimicry of a facial expression help us catch others’ 112 
emotions (Hatfield et al., 1992) and encourage shared perspective taking (Hess & 113 
Fischer, 2013). As a result, reactions to a smile depend on social context. For instance, 114 
more facial reciprocation is displayed towards strangers described in positive ways, 115 
whereas less occurs in response to others described negatively (Likowski et al., 2008). 116 
Smiles are among the most salient of emotional expressions, and the mouth region is 117 
critical for discerning another person’s happiness (Calvo & Fernández-Martín, 2013). 118 
Therefore, reciprocation of a smile seems to be adaptive for quickly reinforcing 119 
prosocial tendencies in others who are perceived as desirable affiliation partners. 120 
Study overview 121 
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In our study, participants recalled either an experience of social exclusion or a 122 
neutral experience in order to elicit feelings of exclusion. They then viewed a series of 123 
spontaneous enjoyment smiles and posed smiles from different actors. Facial muscles 124 
were recorded during each trial using electromyography (EMG). Following each trial, 125 
participants categorized the smile that they saw.  126 
Consistent with Bernstein et al. (2008), we predicted a replication of the 127 
exclusion-enhanced smile discrimination effect: Exclusion-primed participants should 128 
discriminate spontaneous and posed smiles better than control participants. As an 129 
extension of that effect we also predicted that the exclusion condition and smile type 130 
would interact to affect participants’ smiling activity. Reciprocation of facial 131 
expressions is selectively used to socially engage with more desirable partners (e.g., 132 
Likowski et al., 2008), and social exclusion enhances attention for socially relevant 133 
affordances. Therefore we predicted that exclusion-primed participants would more 134 
strongly mimic spontaneous enjoyment smiles (but not posed smiles) when compared to 135 
control participants. Using facial EMG we measured mimicry of both mouth smiling 136 
(zygomaticus major muscle activity) and eye crinkling (i.e., Duchenne marker; 137 
orbicularis oculi muscle activity). 138 
Method 139 
All procedures performed in studies involving human participants were in 140 
accordance with the ethical standards of the host institution’s human ethics committee. 141 
Informed consent was obtained from all individual participants included in the study. 142 
All measures are reported below. There were no a priori exclusion criteria, and no data 143 
EXCLUSION ENHANCES SIGNALLING 7 
was excluded from analyses. 1 144 
Participants & Design 145 
Forty-eight Australian university students (31 females, 16 males, 1 no gender 146 
given; Mage = 19.6; SDage = 2.8) were assigned to conditions in a 2 (control or excluded; 147 
between-participant) × 2 (posed smile or spontaneous smile; within-participant) mixed 148 
factorial design. Gender was left to random assignment and was not counterbalanced by 149 
condition.2 Participants were either paid $10 or volunteered in exchange for credit in a 150 
first-year psychology course.  151 
The sample size was the result of two a priori decisions: First, to have at least 152 
twice as many participants in our conditions as was used in Bernstein et al. (2008; ns ≤ 153 
11), and second, a necessity to collect data within a 15-week period. A statistical power 154 
analysis using G*Power 3.1 (Faul et al., 2007) suggested our sample and design (n = 24 155 
per condition; 2 × 2 mixed model) was sufficient to detect a medium effect (f ≥ 0.28; η2 156 
≥ .07) with minimal error (α = .05, ß = .20). 157 
 
1 Materials from this study are available in a permanent repository at https://osf.io/b9pe3. At 
that link is sufficient information for an independent researcher to reproduce the methods we 
report here. 
2 A priori gender effects were not considered because previous studies (e.g., Bernstein et al 
2008; 2010) have not found gender effects on smile discrimination, and findings are mixed 
as to whether facial mimicry (Lehane, 2015) and facial expressiveness (McDuff et al., 2017) 
systematically differ by gender. Post hoc exploratory analyses of our data revealed no 
statistically significant main effects or interactions by gender. 
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Stimuli 158 
Many previous studies looking at social moderators of smile detection have used 159 
stimuli depicting posed Duchenne and posed non-Duchenne smiles from different actors 160 
(e.g., BBC smiles stimuli used in Bernstein et al., 2008, 2010; Kunstman et al., 2016). 161 
One drawback to using posed Duchenne smiles is that they may be missing other 162 
morphological features that are concomitant with spontaneous, enjoyment-related 163 
smiles. Furthermore, the BBC (n.d.) smiles stimuli have different set of actors posing 164 
Duchenne and non-Duchenne smiles, so there is a confound in whether observed 165 
differences in responding to the smile types is due to differences in the expressions or 166 
differences between the actors. 167 
In this study we compared participants’ responses to viewing spontaneously-168 
evoked enjoyment smiles and posed smiles using ten sets of stimuli from Miles and 169 
Johnston (2007) and McLellan et al. (2010). In each stimulus set, people were 170 
photographed in situ displaying two smiles: Spontaneous enjoyment smiles were 171 
captured as the people listened to or viewed stimuli they self-rated as enjoyable; posed 172 
smiles were captured from the instruction to smile as they would for an everyday 173 
photograph. Each set also included a photograph of the person’s relaxed, neutral 174 
expression. Each spontaneous enjoyment smile photograph portrayed a contraction of 175 
both the zygomaticus major the orbicularis oculi muscle (i.e., the Duchenne marker). 176 
Contraction of the orbicularis oculi was not apparent in any of the posed smile stimuli. 177 
Procedure 178 
Upon arriving to the laboratory, participants were given an information sheet 179 
and informed that the study was investigating the mechanisms involved in smile 180 
discrimination. After consenting to participate in the study, electromyography (EMG) 181 
sensors were attached to measure facial muscle movements. Participants were told that 182 
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the sensors would measure neural activity during the study. After the sensors were 183 
attached, participants were told that they would complete three different tasks during the 184 
experimental session: A writing task, a short questionnaire, and then a computerized 185 
facial discrimination task. Unknown to participants, the EMG sensors were only active 186 
during the final task.  187 
Participants first completed an autobiographical writing task to manipulate 188 
feelings of social exclusion (modified from Bernstein et al., 2008, 2010). In the task 189 
participants took four minutes to write about their previous morning (control) or a time 190 
they had felt rejected in the past (exclusion). The instructions read: 191 
This exercise seeks to understand people’s memories and how people 192 
recall details. We would like you to spend a few moments trying to 193 
recall as vividly as possible an experience you have had in your past: 194 
Specifically, we wish for you to remember an experience during which 195 
you felt rejected or excluded [your experiences waking up yesterday 196 
morning]. 197 
They then completed the Needs Threat Scale (NTS; Williams, Cheung, & Choi, 198 
2000) before the computerized smile discrimination task. For the discrimination task 199 
participants viewed 20 smile trials. Trials were composed of a central fixation cross 200 
(average duration 5000 ms, range 4000-6000 ms), a neutral facial expression (1500 ms), 201 
a smile facial expression (1000 ms), and a return to the neutral facial expression (4500 202 
ms; see Figure S1 in supplementary materials). Stimuli were presented on a 17-in 203 
monitor as a 540 pixels (height) by 405 pixels (width) color image at 72 dpi resolution. 204 
EXCLUSION ENHANCES SIGNALLING 10 
At the conclusion of each trial, participants indicated whether the smile they saw was 205 
genuine or posed.3 The order of stimuli was randomized across participants.  206 
Data Reduction 207 
Bipolar EMG was recorded under the left eye and over the left cheek targeting 208 
the orbicularis oculi and zygomaticus muscle regions, respectively (Fridlund & 209 
Cacioppo, 1986). A Biopac MP-150 amplifier (Biopac Systems, Inc., Santa Barbara, 210 
CA) sampled data at 1000 HZ and applied an online band-pass filter (0.1 to 500 Hz). 211 
Offline, data were filtered (30-400 Hz), digitally rectified, integrated with a time 212 
constant of 50 ms, and segmented (–1500 ms pre-smile to +4500 ms post-smile onset). 213 
Each segment was then averaged into 250 ms time frames. The magnitude of each time 214 
frame was corrected by dividing it by the activity occurring in the final 250 ms of the 215 
previous fixation period. This method of baseline correction solves comparison 216 
problems related to the wide variance between individual's EMG response magnitudes 217 
and variance in electrode placements (van Boxtel, 2010).  218 
 
3 The “genuine” and “posed” distinction is problematic because the reason a smile is produced 
may not be consonant with the perceived meaning of a smile (e.g., Hess and Bourgeois, 
2010). Yet, much of the research asking participants to differentiate smile types uses this 
distinction (e.g., Bernstein et al., 2008; 2010; Kunstman et al., 2016). In order to keep our 
methods as similar as possible to these prior studies, we retained the “genuine” and “posed” 
labels for our experiment’s discrimination task.  
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Results 219 
The data and codebook that support the results of this study are openly available 220 
on the Open Science Framework at https://osf.io/b9pe3.4 221 
Manipulation Check 222 
Consistent with previous findings that the items of NTS scale load heavily onto 223 
a single factor (Oaten et al. , 2008), the internal consistency of all NTS items was high 224 
(Cronbach’s alpha = .80). For this reason the composite NTS score was used in 225 
analyses; higher NTS scores indicate better fulfilled needs of control, self esteem, 226 
meaningful existence, and belonging. Participants in the excluded condition reported 227 
more threatened needs (M = 2.72, SD = 0.59) compared to controls (M = 3.44, SD = 228 
0.65), t(46) = 4.01, p < .001, d = 1.16, 95% CI [0.54, 1.77]. 229 
Smile Classification 230 
Classifications of smiles were measured using d-prime (d`), a signal detection 231 
measure that estimates the ease with which participants discriminated between posed 232 
and genuine smiles5. Consistent with the findings of Bernstein et al. (2008), excluded 233 
participants (M = 0.38, SD = 0.72) discriminated smile types better than control 234 
 
4 The data posted on this repository is sufficient for an independent researcher to reproduce the 
reported results in this study.  
5 d-prime was calculated for each participant in manner consistent with Bernstein et al (2008, 
2010) using the equation d′ = z(Hits) − z(False Alarms). In this equation, Hits is the number 
of genuine smiles classified as genuine smiles by the participant; False Alarms is the number 
posed smiles classified as genuine smiles by the participant.  
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participants (M = -0.04, SD = 0.34), t(46) = 2.15, p = .037, d = 0.62, 95% CI [0.37, 235 
1.20]. 236 
Facial Electromyography (EMG) 237 
The baseline-corrected EMG activity for each trial were averaged into two time 238 
bins: A pre-smile interval including the 1500 ms of a neutral face prior to the smile 239 
stimulus, and a post-smile interval including the 3000 ms during and immediately after 240 
the smile stimulus (see Figure S1 in supplementary materials). A three-way factorial 241 
Muscle × Smile × Exclusion mixed ANOVA revealed no effects on pre-smile interval 242 
EMG activity, Fs < 0.9. This suggests that prior to seeing the smile stimulus, EMG 243 
activity did not systematically differ across these factors. 244 
Zygomaticus major. Single-sample t-tests first confirmed that in all conditions 245 
the smile stimuli increased zygomaticus major activity above pre-trial baseline levels, 246 
ts(47) > 3.55, ps < .001, ds > 0.51. This confirms that all smile stimuli elicited increased 247 
mouth smiling from participants regardless of Exclusion condition. 248 
A Smile (within) × Exclusion (between) mixed ANOVA did not support a main 249 
effect of Smile type, F(1, 46) = 3.10, p = .085, η2 = .058, or Exclusion, F(1, 46) = 1.05, 250 
p = .311, η2 = .022. However, a Smile × Exclusion interaction was evident, F(1, 46) = 251 
4.12, p = .048, η2 = .077. As depicted in Figure 1a, planned comparisons supported our 252 
hypothesis: Excluded participants’ zygomaticus activity was significantly greater when 253 
viewing the spontaneous enjoyment smiles (i.e., genuine smiles; M = 1.28, SD = 0.48) 254 
compared to posed smiles (M = 1.08, SD = 0.11), t(23) = 2.15, p = .042, d = 0.44, 95% 255 
CI [0.02, 0.85]. Control participants’ zygomaticus activity did not significantly differ 256 
when viewing genuine smiles (M = 1.11, SD = .22) or posed smiles (M = 1.12, SD = 257 
.23), t(23) = 0.28, p = .78, d = 0.06, 95% CI [-0.34, 0.46]. 258 
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Orbicularis Oculi. Single-sample t-tests first confirmed that in all conditions the 259 
smile stimuli increased orbicularis oculi activity above pre-trial baseline levels, ts(47) > 260 
4.24, ps < .001, ds > 0.61. This confirms that all smile stimuli elicited increased eye 261 
crinkling (i.e., Duchenne marker activity) from participants regardless of Exclusion 262 
condition. 263 
A Smile (within) × Exclusion (between) mixed ANOVA revealed a main effect 264 
of Smile type, F(1, 46) = 3.98, p = .052, η2 = .080; orbicularis oculi activity was 265 
marginally greater when viewing spontaneous enjoyment smiles (i.e., genuine smiles; M 266 
= 1.29, SD = 0.44) than posed smiles (M = 1.19, SD = 0.31; see Figure 1b). There were 267 
no main effects or interaction effects for the exclusion condition, Fs < 1.5.  268 
Discussion 269 
This study further generalizes the exclusion-enhanced smile discrimination 270 
effect and replicates the findings of of Bernstein et al. (2008): Excluded participants did 271 
discriminate spontaneous and posed smiles better than controls. Furthermore, excluded 272 
participants exhibited greater mouth smiling (i.e., zygomaticus major activity) when 273 
viewing spontaneous compared to posed smiles; control participants did not show a 274 
difference in mouth smiling by smile type.  275 
Importantly, both types of smiles were mimicked regardless of the manipulation. 276 
Compared to the neutral expression, all smiles evoked more mouth smiling, and the 277 
spontaneous smiles evoked more eye crinkling than the posed smiles. This general 278 
tendency to mimic the smiles differently is consistent with past research (Surakka & 279 
Hietanen, 1998). However, there were no detectable differences in eye crinkling 280 
between the excluded and control participants.  281 
This research used a very different smile stimulus set than previous research 282 
examining the effects of social exclusion on smile detection. Where previous studies 283 
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used 20 videos each depicting a different actor posing a Duchenne smile or non-284 
Duchenne smile, our study used photographs of 10 people expressing both spontaneous 285 
enjoyment smiles and posed smiles. The overall discriminability of our static smile 286 
stimuli (d` = 0.17) was considerably lower than the BBC smile videos (d` = 1.46 in 287 
Bernstein et al., 2008), suggesting that the spontaneous and posed smiles in our study 288 
were more difficult to differentiate. The difficulty of our stimuli likely contributes to the 289 
much smaller effect of exclusion found in our study (Cohen’s d = 0.62) compared to 290 
previous research using the BBC smile videos (Cohen’s d = 1.39 in Bernstein et al., 291 
2008) 292 
Despite participants’ difficulty reporting differences between the smiles, the 293 
orbicularis oculi EMG data demonstrates that the Duchenne marker was mimicked in 294 
both conditions: Enjoyment smiles elicited more orbicularis oculi activity than posed 295 
smiles. This morphological matching suggests that the Duchenne marker present in the 296 
enjoyment smiles was detected and mimicked despite not being as influential in 297 
participants’ classifications of what counted as a “genuine” and “posed” smile.  298 
Our experiment makes important contribution to understanding how feelings of 299 
exclusion recalibrate social cognition to help people draw-out social affordances in their 300 
environment. Even when explicit discrimination of smiles is difficult, our facial EMG 301 
data suggests that excluded people may signal their affiliative intent by smiling more 302 
strongly toward people displaying spontaneous smiles. This behavioral evidence further 303 
demonstrates a relative preference for spontaneous and posed smiles as seen in previous 304 
studies (Bernstein et al., 2010) and suggests an adaptive means for excluded people to 305 
selectively signal harmless intent and evoke affiliative behaviors from others–especially 306 
if those non-excluded others are less able to differentiate spontaneous and posed smiles. 307 
If smile reciprocation is a reliable signal of social invitation (Likowski et al., 2008; 308 
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Golland, 2019), then it makes sense for excluded people to more strongly signal 309 
invitations to those who might better satisfy their needs for social belonging. 310 
Which features of a smile excluded participants mimic is potentially revealing of 311 
the mechanism underlying the effect. If excluded participants really do behaviorally 312 
“match” the expressions of affiliative faces more, they arguably should have shown 313 
more expression-congruent Duchenne marker contractions (i.e., eye crinkling) when 314 
viewing spontaneous smiles. Instead, excluded participants exaggerated only the mouth 315 
smiling component of the smile. 316 
 One possible reason we did not see increased mimicry of the Duchenne marker 317 
is insufficient statistical power. Although there is a main effect for mimicking the 318 
Duchenne marker, our sample size may not have been sufficient to detect a spreading 319 
activation. Relatedly, research has found that dynamic images evoke stronger 320 
orbicularis oculi activity compared to static images (Rymarczyk et al., 2016). So the 321 
differences in our static posed and spontaneous smiles may not have been potent enough 322 
to elicit the moderation effect we were looking for. 323 
Yet another possibility is that the orbicularis oculi muscle simply responds 324 
differently to subtle changes in social or affective content. Whereas the zygomaticus 325 
muscle is dynamically responsive to changes in facial expressions and pleasant non-326 
social stimuli, orbicularis oculi muscle activity does not correspond as clearly to 327 
changes in negative and positive emotions (Bradley et al., 2001). 328 
A final reason we may not have seen increased mimicry of the Duchenne marker 329 
among excluded participants could be that excluded participants attended more to the 330 
mouth region and preferentially mimicked mouth movements. Although our 331 
spontaneous smile stimuli were selected, in part, for the presence of the Duchenne 332 
marker, we did not measure whether mouth smiling was similar between the posed and 333 
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spontaneous smiles. It could be that differences in mouth smiling is responsible for the 334 
differences we observed. Research has shown that mouth region is more salient than the 335 
eye region when judging the genuineness of happy expressions, and early visual 336 
attention to the mouth region increases the likelihood that a smile is perceived as 337 
genuine (Calvo, Gutiérrez-García, Avero, & Lundqvist, 2013).  For this reason, future 338 
studies on exclusion-induced smile discrimination might examine how exclusion affects 339 
face processing and what features of a face are most important for amplifying smile 340 
preferences.  341 
A potential limitation of the study is the extent to which these results might 342 
reflect emotion contagion instead of behavioral mimicry. We have interpreted the 343 
exclusion-enhanced smiling as an expression of affiliative intent automatically 344 
displayed toward more affiliative looking others. However, the reciprocated smiling 345 
could also reflect emotion contagion (Lundqvist & Dimberg, 1995); if enjoyment smiles 346 
are more pleasant to look at than posed smiles, then the differences in smiling 347 
reciprocation could be due to exclusion-potentiated emotion contagion rather than 348 
adaptive mimicry. On one hand, behavioral mimicry is theorized as an essential part of 349 
the emotion contagion process (Hatfield et al., 1992). So the emotional contagion 350 
process is not necessarily at odds with our findings. However, there is also evidence that 351 
automatic facial reactions to others’ emotional expressions may not be driven by 352 
emotion processes, at all (Shaham & Aviezer, 2020). Past research suggests that 353 
exclusion selectively enhances early perceptual processing for affiliative faces but not 354 
other positive, non social stimuli or less affiliative faces (DeWall et al., 2009). So future 355 
research might explore whether the exclusion-potentiated mimicry we found in this 356 
study is unique to social affiliation cues (like smiles), or whether it is a more general, 357 
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affectively-driven response that also occurs with non-social stimuli and less affiliative 358 
facial expressions (e.g., scowling). 359 
The generalizability of these results is also limited by the sample size. Although 360 
we were able to replicate the direction of the exclusion-enhanced smile discrimination 361 
effect, a larger sample would help us to better estimate the size of the discrimination 362 
effect. More statistical power would have also helped us more rigorously test whether 363 
the null effects were genuine or due to Type II error. 364 
Conclusions 365 
Social exclusion generates a strong desire for acceptance and motivates 366 
excluded individuals to restore social bonds. Feelings of exclusion attune us to the 367 
prosocial intent in others–an adaptation that increases the chances of fulfilling 368 
belongingness needs and decreases the chances of further exploitation or wasting 369 
affiliation efforts on those who are less receptive. In addition to this perceptual acuity, 370 
our research suggests that feelings of social exclusion induce a selective signaling of 371 
affiliative desires toward more prosocial others.  372 
  373 
EXCLUSION ENHANCES SIGNALLING 18 
Acknowledgements:  374 
 375 
We are grateful to Rebecca Lam, Kirsty Taylor, and Mari Horiguchi for their help with 376 
data collection. 377 
 378 
 379 
Declaration of interest statement:  380 
No potential conflict of interest was reported by the authors. 381 
  382 
EXCLUSION ENHANCES SIGNALLING 19 
REFERENCES 383 
BBC. (n.d.). Spot the fake smile. 384 
http://www.bbc.co.uk/science/humanbody/mind/surveys/smiles/ 385 
Baumeister, R. F., Twenge, J. M., & Nuss, C. K. (2002). Effects of social exclusion on 386 
cognitive processes: Anticipated aloneness reduces intelligent thought. Journal 387 
of Personality and Social Psychology, 83, 817– 827.  388 
Bernstein, M. J., Sacco, D. F., Brown, C. M., Young, S. G., & Claypool, H. M. (2010). 389 
A preference for genuine smiles following social exclusion. Journal of 390 
Experimental Social Psychology, 46, 196-199. 391 
Bernstein, M. J., Young, S., Brown, C., Sacco, D., & Claypool, H. (2008). Adaptive 392 
responses to social exclusion. Psychological Science, 19, 981. 393 
Bradley, M. M., Codispoti, M., Cuthbert, B. N., & Lang, P. J. (2001). Emotion and 394 
motivation I: defensive and appetitive reactions in picture processing. Emotion, 395 
1, 276. 396 
Calvo, M. G., & Fernández-Martín, A. (2013). Can the eyes reveal a person’s emotions? 397 
Biasing role of the mouth expression. Motivation and Emotion, 37, 202–211.  398 
Calvo, M. G., Gutiérrez-García, A., Avero, P., & Lundqvist, D. (2013). Attentional 399 
mechanisms in judging genuine and fake smiles: Eye-movement patterns. 400 
Emotion, 13(4), 792-802.  401 
DeWall, C. N., Maner, J. K., & Rouby, D. A. (2009). Social exclusion and early-stage 402 
interpersonal perception: selective attention to signs of acceptance. Journal of 403 
Personality and Social Psychology, 96(4), 729-741. 404 
Dimberg, U. (1982). Facial reactions to facial expressions. Psychophysiology, 19, 643-405 
647. 406 
EXCLUSION ENHANCES SIGNALLING 20 
Eisenberger, N. I. (2012). Broken hearts and broken bones: A neural perspective on the 407 
similarities between social and physical pain. Current Directions in 408 
Psychological Science, 21, 42-47. 409 
Frank, M. G., & Ekman, P. (1993). Not all smiles are created equal: The differences 410 
between enjoyment and nonenjoyment smiles. Humor, 6(1), 9–26.  411 
Fridlund, A. J. & Cacioppo, J. T. (1986). Guidelines for human electromyographic 412 
research. Psychophysiology, 23, 567-589. 413 
Gibson, J. J. (1979). The ecological approach to visual perception. Houghton Mifflin. 414 
Golland, Y., Mevorach, D., & Levit-Binnun, N. (2019). Affiliative zygomatic 415 
synchrony in co-present strangers. Scientific Reports, 9, 3120. 416 
Hatfield, E., Cacioppo, J. T., & Rapson, R. L. (1992). Primitive emotional contagion. 417 
Review of Personality and Social Psychology, 14, 151-177. 418 
Hess, U., & Fischer, A. (2013). Emotional Mimicry as Social Regulation. Personality 419 
and Social Psychology Review, 17, 142-157. 420 
Johnston, L., Miles, L, & Macrae, C. (2010). Why are you smiling at me? Social 421 
functions of enjoyment and non-enjoyment smiles. British Journal of Social 422 
Psychology, 49, 107-127. 423 
Krumhuber, E. G., Likowski, K. U., & Weyers, P. (2013). Facial Mimicry of 424 
Spontaneous and Deliberate Duchenne and Non-Duchenne Smiles. Journal of 425 
Nonverbal Behavior, 38, 1–11.  426 
Krumhuber, E. G., & Manstead, A. S. R. (2009). Can Duchenne smiles be feigned? 427 
New evidence on felt and false smiles. Emotion, 9, 807–820.  428 
Kunstman, J. W., Tuscherer, T., Trawalter, S., & Lloyd, E. P. (2016). What lies 429 
beneath? Minority group members suspicion of whites egalitarian motivation 430 
EXCLUSION ENHANCES SIGNALLING 21 
predicts responses to whites smiles. Personality and Social Psychology Bulletin, 431 
42(9), 1193–1205.  432 
Lakin, J., Jefferis, V., Cheng, C., & Chartrand, T. L. (2003). The chameleon effect as 433 
social glue: Evidence for the evolutionary significance of nonconscious 434 
mimicry. Journal of Nonverbal Behavior, 27, 145-162. 435 
Leary, M. R. (2005). Sociometer theory and the pursuit of relational value: Getting to 436 
the root of self-esteem. European Review of Social Psychology, 16, 75–111.  437 
Lehane, C. M. (2015). Male and female differences in nonconscious mimicry: A 438 
systematic review. Journal of European Psychology Students, 6, 34-48. 439 
Likowski, K., Mühlberger, A., Seibt, B., Pauli, P., & Weyers, P. (2008). Modulation of 440 
facial mimicry by attitudes. Journal of Experimental Social Psychology, 44, 441 
1065-1072. 442 
Lundqvist, L.-O., & Dimberg, U. (1995). Facial expressions are contagious. Journal 443 
of Psychophysiology, 9, 203–211. 444 
Maner, J. K., DeWall, C. N., Baumeister, R. F., & Schaller, M. (2007). Does social 445 
exclusion motivate interpersonal reconnection? Resolving the “Porcupine 446 
Problem.” Journal of Personality and Social Psychology, 92, 42-55.  447 
McDuff, D., Kodra, E., Kaliouby, R. E., & LaFrance, M. (2017). A large-scale 448 
analysis of sex differences in facial expressions. PloS one, 12, e0173942.  449 
McLellan, T., Johnston, L., Dalrymple-Alford, J., & Porter, R. (2010). Sensitivity to 450 
genuine versus posed emotion specified in facial displays. Cognition & 451 
Emotion, 24(8), 1277-1292. 452 
Mehu, M., Grammer, K., & Dunbar, R. I. M. (2007). Smiles when sharing. Evolution 453 
and Human Behavior, 28, 415-422. 454 
EXCLUSION ENHANCES SIGNALLING 22 
Miles, L., & Johnston, L. (2007). Detecting happiness: Perceiver sensitivity to 455 
enjoyment and non-enjoyment smiles. Journal of Nonverbal Behavior, 31, 259–456 
275. 457 
Oaten, M., Williams, K. D., Jones, A., & Zadro, L. (2008). The effects of ostracism on 458 
self-regulation in the socially anxious. Journal of Social and Clinical 459 
Psychology, 27, 471–504. 460 
Owren, M. J., & Bachorowski, J.-A. (2001). The evolution of emotional expression: A 461 
“selfish-gene” account of smiling and laughter in early hominids and humans. In 462 
T. J. Mayne & G. A. Bonanno (Eds.), Emotions: Current issues and future 463 
directions (pp. 152–191). Guilford Press.  464 
Rychlowska, M., Jack, R. E., Garrod, O. G. B., Schyns, P. G., Martin, J. D., & 465 
Niedenthal, P. M. (2017). Functional smiles: Tools for love, sympathy, and war. 466 
Psychological Science, 28, 1259–1270. 467 
Rymarczyk, K., Żurawski, Ł., Jankowiak-Siuda, K., & Szatkowska, I. (2016). Do 468 
dynamic compared to static facial expressions of happiness and anger reveal 469 
enhanced facial mimicry. PLoS One, 11, e0158534. 470 
Saito, T., Motoki, K., Nouchi, R., Kawashima, R., & Sugiura, M. (2019). Loneliness 471 
modulates automatic attention to warm and competent faces: Preliminary 472 
evidence from an eye-tracking study. Frontiers in Psychology, 10, 2967. 473 
Shaham, G., & Aviezer, H. (2020). Automatic facial reactions to emotional body 474 
expressions are not driven by emotional experience. Emotion. Advance online 475 
publication. https://doi.org/10.1037/emo0000742 476 
Spoor, J., Williams, K. D. (2006). The evolution of an ostracism detection system. In 477 
The Evolution of the Social Mind: Evolutionary Psychology and Social 478 
Cognition, ed. JP Forgas, M Haselton, W von Hippel. Psychology Press. 479 
EXCLUSION ENHANCES SIGNALLING 23 
Thibault, P., Levesque, M., Gosselin, P., & Hess, U. (2012). The Duchenne marker is 480 
not a universal signal of smile authenticity – but it can be learned! Social 481 
Psychology, 43, 215–221. 482 
Twenge, J. M., Baumeister, R. F., Tice, D. M., & Stucke, T. S. (2001). If you can’t join 483 
them, beat them: Effects of social exclusion on aggressive behavior. Journal of 484 
Personality and Social Psychology, 81, 1058 –1069. 485 
van Boxtel, A. (2010). Facial EMG as a Tool for Inferring Affective States. In A.J. 486 
Spink, F. Grieco, O.E. Krips, L.W.S. Loijens, L.P.J.J. Noldus, and P.H. 487 
Zimmerman (Eds.), Proceedings of measuring behavior 2010. Noldus 488 
Information Technology. 489 
Warburton, W. A., Williams, K. D., & Cairns, D. R. (2006). When ostracism leads to 490 
aggression: The moderating effects of control deprivation. Journal of 491 
Experimental Social Psychology, 42, 213-220. 492 
Williams, K. D. (2007). Ostracism. Annual Review of Psychology, 58, 425-452. 493 
Williams, K. D., Cheung, C. K. T., Choi, W. (2000). Cyberostracism: Effects of being 494 
ignored over the internet.  Journal of Personality and Social Psychology, 79, 495 
748-762.   496 
EXCLUSION ENHANCES SIGNALLING 24 
LIST OF FIGURES 497 
Figure 1.   Magnitude-corrected, post-smile EMG activity by condition in response to 498 
enjoyment smiles and posed smiles. A value of 1.0 is equal to the pre-trial baseline 499 
activity for the muscle. (a) Excluded participants showed more zygomaticus activity 500 
when viewing genuine smiles compared to posed smiles. (b) Enjoyment smiles elicited 501 
marginally more orbicularis oculi activity compared to posed smiles. There was no 502 
effect of exclusion on orbicularis oculi activity. Error bars represent standard error of 503 
the mean. 504 
 505 
 506 
